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57 ABSTRACT 
A perforating gun is designed to have explosive charges 
spirally disposed around its circumference in accor 
dance with a displacement angle defined as (m/p)(360°), 
where p is a whole number greater than 4 and n is a 
whole number greater than 1 but less than (p-1) and 
where m/p is an irreducible fraction. AU, or horseshoe, 
shaped retainer clip holds individual charges in respec 
tive holes and cavities of an outer carrier tube and an 
inner carrier tube to prevent horizontal or transverse 
movement of each charge and thereby hold it in contact 
with an axially extending detonator cord. 

14 Claims, 11 Drawing Figures 
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1. 

WELL PERFORATING APPARATUS AND 
METHOD 

BACKGROUND OF THE INVENTION 
This invention relates generally to perforating appa 

ratus and methods and more particularly, but not by 
way of limitation, to a design for such apparatus and 
methods by which these are implemented to incorpo 
rate spirally distributed charges held in place by respec 
tive retainer clips. 
One means for facilitating the flow of an oil or gas 

well includes perforating the formation and any casing 
or lining adjacent the formation. To perforate, a perfo 
rating gun, loaded with explosive charges, is lowered 
into the well to the desired depth on a tubing string or 
a wireline as known to the art. A perforating gun gener 
ally has an elongated tubular configuration, and the 
charges are frequently cup-like members holding coni 
cally constrained explosive material. Once lowered into 
the well on the tool, the charges are ignited and fired 
into the formation in a known manner. 
The spatial distribution of the charges on the gun is an 

important consideration in designing a particular type 
of perforating gun and in designing a particular perfora 
tion job because this design affects the integrity of the 
gun and the ability of the gun to produce effective per 
forations. As to the integrity of the gun, the distribution 
of the charges affects the shock load applied to the gun 
structure upon a detonation of one or more of the 
charges. For example, a gun having a known distribu 
tion using three charges clustered on a common trans 
verse plane of the gun and fired by a common detonator 
cord receives a greater shock load than a gun having a 
similarly sized single charge per transverse plane be 
cause in the former the three charges are fired simulta 
neously whereas in the latter only one is fired at a time. 
The distribution of the charges also affects the collapse 
strength of the gun. For example, in a gun having an 
outer body along which are formed scallops through 
which the charges are fired, the gun will more readily 
collapse (and thus have a weaker collapse strength) 
when longitudinally aligned ones of the scallops are 
longitudinally closer together. Thus, from the integrity 
of the gun standpoint, a more durable gun is one having 
the fewest number of charges per transverse plane to be 
ignited at one time and having the greatest spacing 
between longitudinally aligned charges or scallops in a 
scalloped body. These two particular design factors 
considered alone, however, may not produce the most 
effective perforating job. 
To produce an effective perforating job, the perfora 

tions of course need to enter the desired zone. Although 
longitudinal spacing between charges is only a few 
inches at most in present perforating guns, each seem 
ingly close spacing can constitute a sufficiently great 
distance that certain oil orgas containing formations are 
missed. These formations are very thin strata known as 
lensatic or laminated formations. Thus, the longitudinal 
spacing needs to be relatively close when the gun is to 
be used to perforate such a thin formation. 
To produce an effective perforating job in a highly 

deviated hole traversing an unconsolidated formation, 
the charges need to be distributed so that a majority of 
the load is fired in one of two general directions to 
prevent damaging, rather than improving, the flowabil 
ity of the formation. That is, in a highly deviated hole 
traversing an unconsolidated formation, the majority of 
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2 
the charges are preferably fired in a downward direc 
tion when the perforating occurs in a relatively horizon 
tal portion of the deviated hole because if equal amounts 
are fired upward and downward, or if a majority is fired 
upward, the unconsolidated formation might collapse 
onto the gun and clog the well bore. 

Still another factor related to the effectiveness of the 
perforating job is the distance of the apex of a conically 
shaped charge from the first obstacle or target through 
which the charge is to be fired. This distance is referred 
to as the "standoff.' In a gun having the aforementioned 
scalloped outer body, the first obstacle or target is the 
body wall defining the bottom of the scallop with 
which the respective charge is radially aligned. The 
spacing between the charge's apex and this wall is im 
portant because the greater the spacing, the better 
formed is the explosive jet generated by the detonation 
of the charge. The better formed the jet is, the better the 
resultant perforation will likely be. 
These factors are known to the art, and perforating 

guns which to some degree meet one or more of them 
are known. One type of gun has a single spiral distribu 
tion of charges along a given length of the gun. This has 
a relatively great strength against collapse because any 
longitudinally aligned charges are spaced a distance 
equal to or greater than the given length along which 
this single spiral occurs. This design also creates a rela 
tively small shock load because only one charge is lo 
cated on a transverse plane and fired at any one time. 
This design can be adapted to have an adequate standoff 
and to provide for directional firing of a majority of the 
charges. This design, however, is relatively poor at 
producing effective perforations. An example of this 
type of distribution is illustrated in FIG. 1(a). 
Another type of distribution, previously alluded to as 

a cluster type, has multiple charges located on a com 
mon transverse plane with adjacent sets of clusters lon 
gitudinally spaced by a few inches and circumferen 
tially offset. This offset is referred to as "phasing,” and 
in one specific configuration known to us is 60. In this 
specific design, a first cluster of three charges is posi 
tioned at a first transverse plane of the gun with each of 
the three charges angularly spaced from the next by 
120. A second cluster of three charges is located in a 
second transverse plane three inches below the first 
transverse plane. The three charges of this second clus 
ter are spaced 120° from each other, but each of these 
charges is also offset 60' from the longitudinal plane 
containing the center of a respective one of the charges 
in the first cluster. A third cluster is spaced three inches 
below the second, but longitudinally aligned with the 
first cluster and thereby offset 60' from the second 
cluster. A fourth cluster is spaced three inches below 
the third, but longitudinally aligned with the second set. 
This distribution, illustrated in FIG. 1(b), has a rela 
tively good collapse strength (not as good as the first 
mentioned design, however), but it has a relatively high 
shock load because each charge within a cluster is fired 
simultaneously with the other two. This deisgn yields 
an improved perforating performance over the first 
mentioned design, but it cannot be readily adapted to 
improve standoff because the three charges abut each 
other, thereby preventing further transverse displace 
ment of a charge away from the outer wall of the gun. 
Furthermore, the illustrated three-charge cluster design 
has an even distribution of charges which prevents 
focusing a majority of them in a single general direction. 
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It also is somewhat limited in how longitudinally close 
together the clusters can be set so that this design is not 
an optimum one for effectively perforating very thin 
formations. 

Still another type of distribution design is a 120° phas 
ing, multiple spiral pattern, which is illustrated in FIG. 
1(c). This design has one charge per transverse plane 
with subsequent charges longitudinally spaced one inch 
below and 120 from the preceding one. This design has 
the poorest collapse strength of the three mentioned 
designs, but it has a lower shock load than the second 
mentioned design. This third design produces the best 
perforating array of the three, and it can fire a majority 
of its charges in one general direction. By having only 
a single charge per transverse plane, it is adaptable for 
improving its standoff. 
Although there are perforating guns which perform 

satisfactorily in particular uses, there is the need for an 
improved design for a gun which would be adaptable to 
satisfy within a single gun all of the aforementioned 
factors of shock load, collapse strength, directional 
firing of a majority of the charges, increased standoff, 
and better shot coverage in an overall combination 
which none of the aforementioned designs individually 
satisfies. 

SUMMARY OF THE INVENTION 

The present invention meets the need for an in 
proved design by providing a novel and improved per 
forating apparatus and method which, in the preferred 
embodiment, incorporates a multiple spiral pattern for 
receiving explosive charges and utilizes a novel and 
improved retainer clip to hold the charges within the 
apparatus. The present invention is adapted to incorpo 
rate each of the five factors in an overall combination 
which is improved over the aforementioned designs. In 
general, the present invention provides a design which 
is at least substantially as effective as any of the three 
designs (and significantly better than the first mentioned 
design) in producing a good, low shock load shot pat 
tern for perforating even very thin formations. The 
present invention can provide an improved collapse 
strength over at least the second and third mentioned 
designs, and it is also adaptable for directional firing of 
a majority of its charges. It can also be adapted to ac 
commodate increased standoff to improve formation of 
the generated explosive perforating jets. In addition, the 
present invention provides a readily adaptable design 
from which of any of several specific charge distribu 
tions can be quickly and precisely determined. The 
present invention also provides a novel and improved 
retaining clip to retain charges at the designed locations. 
The perforating apparatus of the present invention 

comprises a perforating gun body and carrier means, 
disposed in the perforating gun body, for carrying a 
plurality of explosive charges so that, when the explo 
sive charges are carried thereby, each successive explo 
sive charge is laterally spaced from a preceding one by 
an angle (m/p)(360'), where p is a whole number 
greater than 4 and m is a whole number greater than 1 
but less than (p-1), and where m/p is an irreducible 
fraction. More specifically, the carrier means includes a 
charge holder tube having a plurality of holes defined 
therein. Each of these holes is disposed so that it is 
bisected by a respective imaginary transverse plane 
extending parallel to, and spaced longitudinally from, 
similar respective imaginary transverse planes bisecting 
the other holes. Each of these holes further is disposed 
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so that it is bisected by a respective imaginary longitudi 
nal plane wherein the imaginary longitudinal plane of a 
first one of the holes intersects the imaginary longitudi 
nal plane of a second one of the holes at the (m/p)(360) 
angle, which second one of the holes is the one bisected 
by the respective one of the imaginary transverse planes 
longitudinally closest to the imaginary transverse plane 
bisecting the first one of the holes. This definition of the 
design particularly accommodates the collapse 
strength, shock load, and perforation coverage factors. 
If p is further defined to be an odd number, the design 
permits a majority of the charges to be directionally 
fired in a single general direction. 
To accommodate the standoff factor, the preferred 

embodiment of the carrier means includes the afore 
mentioned charge holder tube as an outer charge holder 
tube. This carrier means also includes an inner charge 
holder tube disposed axially through the outer charge 
holder tube. The inner charge holder tube has a plural 
ity of cavities defined therein, with each of the cavities 
being aligned with a respective one of the holes of the 
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outer charge holder tube so that each of the cavities is 
disposed for receiving an initiation end of an explosive 
charge near a center line of the perforating gun body. 
Each of these cavities is particularly defined to receive 
the respective explosive charge so that the initiation end 
of the respective explosive charge extends across the 
center line of the perforating gun body to a side thereof 
opposite from which the discharge end of the respective 
explosive charge extends, but without extending on that 
side beyond the perimeter of the inner charge holder 
tube. 
The method of the present invention is for perforat 

ing a subterranean surface within a well bore in which 
a plurality of explosive charges is disposed. This 
method comprises detonating a first explosive charge 
and detonating a second explosive charge displaced 
from the first explosive charge by the (m/p)(360') an 
gle. 
The retainer clip of the preferred embodiment is an 

article for holding an explosive charge, having an outer 
edge, in a perforating gun, which has a wall with an 
outer surface, an inner surface and a transverse surface 
extending between the outer and inner surfaces to de 
fine an opening through the wall. This article comprises 
first retainer means for engaging the outer edge of the 
explosive charge and the inner surface of the wall when 
the article holds the explosive charge within the open 
ing in the wall, second retainer means for engaging the 
outer edge of the explosive charge and the inner surface 
of the wall when the article holds the explosive charge 
within the opening in the wall, third retainer means for 
engaging the outer edge of the explosive charge adja 
cent the outer surface of the wall when the article holds 
the explosive charge within the opening in the wall, first 
connector means, extending through the opening in the 
wall, for connecting the first retainer means and the 
third retainer means, and second connector means, ex 
tending through the opening in the wall, for connecting 
the second retainer means and the third retainer means. 
In the preferred embodiment, wherein the explosive 
charge has a portion of its outer edge protruding 
through the hole in the wall beyond the outer surface of 
the wall to define a protruding lip portion along the 
outer edge, the article comprises a substantially U 
shaped resilient member having its opposite linear por 
tions respectively defining the first and second connec 
tor means and having its curved portion defining the 



4,726,431 
5 

third retainer means. This resilient member further has 
a first integral lateral protuberance defining the first 
retainer means and a second integral lateral protuber 
ance defining the second retainer means. The two lat 
eral protuberances extend from the opposite linear por 
tions so that when the protuberances engage the inner 
surface of the wall, the curved portion engages the lip 
of the explosive charge. 

Therefore, from the foregoing, it is a general object 
of the present invention to provide a novel and im 
proved perforating apparatus and method. Other and 
further objects, features and advantages of the present 
invention will be readily apparent to those skilled in the 
art when the following description of the preferred 
embodiment is read in conjunction with the accompa 
nying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIGS. 1(a), 1(b) and 1(c) are graphical depictions of 

the three prior art charge distribution designs referred 
to hereinabove. 
FIGS. 2A and 2B illustrate a distribution design simi 

lar to that of FIG. 1(a), but having a phasing factor of 7. 
FIGS. 3A and 3B illustrate a specific charge distribu 

tion design developed in accordance with the preferred 
embodiment of the present invention. 
FIGS. 4A and 4B illustrate another specific charge 

distribution design developed in accordance with the 
preferred embodiment of the present invention. 
FIG. 5 is a sectional view of a portion of a perforating 

gun constructed in accordance with the preferred em 
bodiment of the present invention. 

FIG. 6 is a sectional view taken along line 6-6 
shown in FIG. 5. 
FIG. 7 is a side view of a retainer clip constructed in 

accordance with the preferred embodiment of the pres 
ent invention. 
FIG. 8 is an end view of the retainer clip. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In general, a perforating gun has a tubular shape with 
explosive charges located around the circumference of 
a tubular carrier contained within an outer perforating 
gun body. Angular displacements between charges can 
be defined by dividing the 360° C. of the tubular cir 
cumference into appropriate sectors. The use of angular 
displacements stated in units of degrees will be used 
herein for purposes of simplicity; however, displace 
ments can also be equivalently identified in lineal cir 
cumferential distances based upon the formula 2arr, 
where r is the radius of the particular carrier. Because 
the present invention is adaptable to carriers and perfo 
rating guns of different diameters, and thus of different 
radii, units of degrees will be used for simplicity. 
A distribution of explosive charges can be readily 

designed in a spiral by selecting a whole number, re 
ferred to as a phase factor, and dividing it into 360. For 
example, for three charges to be displaced around a 
circumference, a phasing of 360/3 or 120' would be 
chosen for equiangular distribution. For four charges, 
360/4 or 90 phasing would be used; for five, the phas 
ing would be 360/5 or 72; for six charges, 360/6 or 
60° phasing; and so on. Also to be selected is a longitudi 
nal spacing between the charges. For example, the lon 
gitudinal spacing could be one inch, two inches, three 
inches or whatever spacing is desired and can be accom 
modated depending upon the size of the charges and 
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6 
any interference therebetween in physically mounting 
them on the perforating gun carrier structure. Selecting 
this longitudinal spacing determines the overall length, 
referred to herein as a height or longitudinal length h, 
for one series of charges arrayed at the selected phasing 
and longitudinal separations. The foregoing selections 
result in a single spiral such as is illustrated in FIG. 1(a) 
(six charges or shots, spaced at 60° phasing and at two 
inch longitudinal increments for an h- 12 inches) and in 
FIGS. 2A and 2B (seven charges, spaced at 360/7 
phasing and at one-inch longitudinal increments for an 
h=7 inches). As indicated hereinabove, however, such 
single spiral configuration has a particular shortcoming 
with respect to the effectiveness of the formation perfo 
ration that can be performed with such a design. 
The concept of our invention is to take this basic 

design criterion by which a single spiral pattern can be 
developed and use a multiplier with it so that a multiple 
spiral distribution is achieved within the same basic 
length, h, thereby improving the resultant perforation 
pattern while retaining the desirable features of a single 
spiral design, namely, good collapse strength, low 
shock load, standoff improvement capability, and direc 
tional firing of a majority of the charges. The good 
collapse strength is retained by the present invention 
because as subsequently defined, it requires five or more 
charges per height incrementh so that the closest longi 
tudinally aligned charges are spaced a longitudinal dis 
tance of at least five times the intermediate incremental 
longitudinal spacing. Low shock load is maintained 
because only one charge is located per transverse plane 
of the perforating gun, which one charge per plane 
design also allows the standoff improvement capability 
because there is no abutting second charge on the same 
plane to limit the transverse movement of the charge 
across the center line of the gun. The directional firing 
capability can be implemented by using an odd number 
for determining the phasing whereby a majority of the 
charges will be disposed on half of the perforating gun 
(i.e., along a 180 sector of the gun). 
This concept is implemented by using the following 

formula which was derived for this purpose: 
(m/p)(360'), where m is the multipler and p is the phase 
determinant (and also the determinant of how many 
charges are to be placed in a single section or one com 
plete spiral increment h). This formula must be imple 
mented with certain limitations on the values of m and 
p to provide a gun which has a better overall combina 
tion of the factors of collapse strength, shock load, 
directionality, standoff and formation coverage. 

In general, these limitations require at least one of the 
following to be true: 

1. p is a prime number greater than 3 and m is a whole 
number greater than 1 and less than p-1; or 

2. p is an odd number and m is an even number 
greater than 1 and less than p-1 and m/p is an irreduc 
ible fraction; or 

3. p is an even number and m is an odd number 
greater than 1 and less than p-1 and m/p is an irreduc 
ible fraction. 
Upon combining these into a single definition, these 

criteria require that p be a whole number greater than 4, 
that m be a whole number greater than 1 but less than 
p-1 and that m/p be an irreducible fraction. 
The parameterm needs to be greater than 1 and less 

than p-1 because either of these values for the multi 
pler would define only a single spiral (m = 1 being a 
single spiral in one direction and m=p-1 being a single 
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spiral in the opposite direction). The fraction m/p must 
be irreducible because otherwise it would be equivalent 
to a more simply defined pattern and possibly one 
which would be only a single spiral (e.g., 3/6= ). In 
view of the foregoing requirements, p is of necessity 
greater than 4 because if p=3, there would be no ac 
ceptable value form as the only possible values for m 
would be 1 or 2 and these are not allowed under the 
restriction to m (they would each define only a single 
spiral). The phase parameter p cannot equal 4 because 
of this same reason applied to the possible values of 1 or 
3 for m, and also because if n=2, then a reducible 
fraction, 2/4, would result. 
Although the parameter p is restricted to a whole 

number greater than 4, p is also constrained by the other 
restrictions whereby numbers that are greater than 4 
may not be selectable. For example, if p-6, the possible 
values for n would be 1, 2, 3, 4 or 5; however, 1 and 5 
are not permitted because of the restriction to m so that 
single spirals will not be designed, and the m=2, 3 or 4 
would result in reducible fractions. Thus, p is more 
preferably defined to be a prime number equal to or 
greater than 5 (or simply a prime number greater than 
3). 
By further restricting p to being an odd number, a 

phasing results wherein a majority of the charges is 
directed from half of the gun. For example, if p=7, then 
four of the seven charges in a single section would lie 
within one 180' sector of the gun. Thus, this sector 
could be positioned to direct this majority of the load in 
a desired direction (e.g., downward in a horizontal 
section of a highly deviated well bore extending in an 
unconsolidated formation). 
From these requirements of the present invention it 

will be observed that phasing of 60, 90 and 120' is 
prohibited in the present invention because these would 
require p to equal 6, 4 or 3, respectively, which values 
have been shown not to be acceptable within the re 
strictions of the present invention. It will be further 
observed that the definition of the aforementioned for 
mula requires the basic phasing, determined by p, to be 
less than 120. Furthermore, the angular displacement 
between two successive charges will always be greater 
than the basic phase angle, but the angularly closest 
charges will be spaced by only the basis phasing angle. 
These relationships are illustrated in FIGS. 3A-3B and 
4A-4B. 

FIG. 3A is a schematic end view of a tubular carrier 
member having charges to be successively ignited in the 
order designated by the consecutive numbers 1-7. This 
distribution, based on values of p=7 and m=2, is better 
illustrated in FIG. 3B which represents an unfolded 
section of the tubular carrier. In FIG. 3B, a charge 10 
corresponding to location 1 in FIG. 3A is shown. 
Charges 12, 14, 16, 18, 20, 22, corresponding, respec 
tively, to locations 2, 3, 4, 5, 6, and 7 in FIG. 3A, are 
also illustrated in FIG. 3B. Thus, from FIG. 3B it is 
apparent that charge 12, which is to be ignited next after 
the charge 10 and before the charge 14, is angularly 
displaced by an angle (2/7) (360') from the charges 10 
and 14. The charge 12 is longitudinally spaced by a 
distance one-seventh of the overall section height or 
length h. In the preferred embodiment it is contem 
plated that this longitudinal spacing can be any suitable 
preselected distance, such as one inch (which would 
make h=7). 
FIG. 3B also illustrates the relationship represented 

in FIG. 3A by locations 1, 5 and 2. That is, in FIG. 3B, 
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8 
the charge 18, disposed at location 5 designated in FIG. 
3A, is angularly in between the charges 10 and 12 as 
depicted in FIG. 3A so that the angular spacing be 
tween charges 10, 18 and between charges 18, 12 is the 
basic phase angle of 360/7. The charge 18 is, however, 
four longitudinal spacing increments (or 4/7 of the total 
length h) below the charge 10. 
As is apparent from FIGS. 3A and 3B, there are 

seven charges phased throughout the height h at the 
basic phase angle 360/7, or approximately 51.43. By 
selecting the multipler parameter as 2, however, the 
angular spacing or displacement between successive or 
most closely longitudinally spaced charges is two times 
the basic phase angle, or approximately 102.86. 
FIG. 3B also illustrates the beginning of a second 

series of similarly disposed charges commencing with 
charges 24, 26. It is to be noted that the charge 24 is 
longitudinally aligned with the charge 10 but at a spac 
ing equal to the height h. Thus, significant spacing is 
maintained between these two charges (and the corre 
sponding other longitudinally aligned charges) so that 
relatively good collapse strength is maintained in a gun 
designed in accordance with the present invention. 
FIGS. 4A and 4B make similar depictions to those 

shown in FIGS. 3A and 3B, except that FIGS. 4A and 
4B use a multipler parameter of m=3, but for the same 
basic phasing determined by the same phasing parame 
ter of p=7. In FIG. 4B charges 28, 30, 32, 34, 36, 38, 40 
correspond to locations 1, 2, 3, 4, 5, 6, 7, respectively, 
shown in FIG. 4A. The grid contained in FIG. 4B is of 
the same scale as that used in FIG. 3B; therefore, no 
further explanation is deemed necessary because it is 
explicit from the drawings themselves. 
This charge loading concept of the present invention 

is adaptable for any suitable size of perforating gun; 
however, it is contemplated that it is most easily applied 
on relatively large diameter guns, such as ones having 
nominal four and five-eighth's inch or six-inch outer 
diameters and having a detonation cord placed on or 
near the vertical center line of the gun and having the 
charges placed such that the initiation end of the 
charges is on or slightly over the center line without 
causing charge interference, thereby increasing standoff 
between the output or discharge end of the charges and 
the outer body of the gun. 
One such perforating gun designed in accordance 

with the foregoing design criteria of my present inven 
tion is generally designated by the reference numeral 42 
in FIGS. 5 and 6. Although having a unique design, the 
gun 42 is to be ultimately used in any suitable known 
manner, such as by being lowered into a well bore on a 
tubing string or a wireline and thereafter being acti 
wated by mechanical impact or electrical energization. 
Only part of the gun 42 is shown in the drawings be 
cause the remainder of the design follows from what is 
shown and is otherwise fabricated of materials and 
means known to the art. 
The perforating gun 42 includes an outer perforating 

gun body 44 made of a cylindrical sleeve having a plu 
rality of scallops 46, 48, 50, 52, 54, 56, 58 defined 
therein. The positions of the scallops are determined in 
accordance with the foregoing formula and specifically 
Selected ones of the phasing parameter p and the multi 
pler parameter m. Radially aligned with each of the 
scallops, 46, 48, 50, 52, 54, 56, 58 is a respective one of 
a plurality of conically shaped explosive charges 60, 62, 
64, 66, 68, 70, 72, respectively. These charges are re 
tained by a carrier means 74 disposed in the perforating 
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gun body 44 for carrying the plurality of explosive 
charges. 

Each of the charges 60, 62, 64, 66, 68, 70, 72 is identi 
cally constructed in a manner as known to the art. As 
indicated in FIG. 5, each charge generally has a support 
cup 76 through which an aperture 78 is defined at the 
apex of the cavity defined by the outer wall of the cup 
76. It is through the aperture 78 that a firing mechanism 
is connected into the explosive material contained in a 
constraint volume 80 defined between the inner surface 
of the cup 76 and a conical liner 82. This constrains the 
explosive material in a hollow, substantially conical 
configuration, the apex of which is adjacent the aper 
ture 78. 

In the preferred embodiment of the gun 42, each 
charge is disposed on its own level or height of the gun 
and is to be individually detonated so that only a single 
shot load is fired at one time. This thus generates in the 
preferred embodiment a relatively low shock load, par 
ticularly with respect to a cluster type of design 
wherein more than one charge is detonated at a time. By 
detonating only one charge at a time in the preferred 
embodiment, a charge having a greater explosive load 
than used in a single charge of a cluster design, but less 
than the combined charge of the cluster, can be used 
and still generate a relatively smaller shock load. 
The charges 60, 62, 64, 66, 68, 70, 72 are supported 

within the perforating gun body 44 by an outer charge 
holder tube or sleeve 84, an inner charge holder tube or 
sleeve 86, and a retaining means 88. The tubes 84, 86 and 
the retaining means 88 constitute the carrier means 74 of 
the preferred embodiment. 
The outer charge holder tube or sleeve 84 is a cylin 

drical member having a relatively thin but sturdy wall 
87 having an outer surface 89, an inner surface 90, and 
transverse surfaces extending between the outer surface 
89 and the inner surface 90 to define a plurality of holes. 
Five such holes 92,94, 96, 98, 100 are identified in FIG. 
5. Three additional holes are defined in association with 
the positions of the charges 62, 66, 70 in the section of 
the tube 84 not shown in FIG. 5. The hole 100 is associ 
ated with a charge that begins a second section of 
charges disposed similarly to the charges 60, 62, 64, 66, 
68, 70, 72, but longitudinally spaced the section distance 
h below the corresponding ones of the charges in the 
fully illustrated section. 
Each of the holes with which one of the charges is 

associated is defined at a location of the wall 87 in ac 
cordance with the angle specified by the formula 
(m/p)(360') and selected ones of the parameters p and 
m (in the illustrated embodiment p=7 and m=3). With 
the holes so defined, there is a discharge end of a respec 
tive explosive charge facing radially outwardly there 
through when the perforating gun 42 is fully assembled. 
The holes in the outer tube 84 are disposed so that 

each is bisected by a respective imaginary transverse 
plane extending parallel to, and spaced longitudinally 
from, similar respective imaginary transverse planes 
bisecting the other holes. Two of these transverse 
planes are identified in FIG. 5 with reference to the 
holes 92, 100. The plane identified with the hole 92 is 
identified by the reference numeral 102, and the plane 
identified with the hole 100 is identified by the reference 
numeral 104. Because each of these planes also bisects 
the charge associated with the respective hole, a third 
transverse plane 106 is shown bisecting the charge 62. 
Because the charge 60, associated with the hole 92, and 
the charge 62 are charges to be successively detonated, 
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10 
the perpendicular distance between the planes 102, 106 
defines the basic incremental longitudinal spacing 
adopted for the embodiment shown in FIGS. 5 and 6. In 
the preferred embodiment this spacing equals approxi 
mately one inch; therefore, the overall section length or 
height h is seven inches, which is thus the longitudinal 
spacing between the planes 102, 104. 
Each of the holes disposed in the outer tube 84 in 

accordance with the formula of the present invention is 
disposed so that it is also bisected by a respective imagi 
nary longitudinal plane, wherein the imaginary longitu 
dinal plane of a first one of the holes intersects the imag 
inary longitudinal plane of a second one of the holes at 
the computed angle, which second one of the holes is 
the one bisected by the respective one of the transverse 
planes longitudinally closest to the imaginary transverse 
plane bisecting the first one of the holes. Three of these 
imaginary longitudinal planes are identified in FIG. 6 by 
the reference numerals 108, 110, 112. The plane 108 
vertically bisects the hole 92 and the charge 60 associ 
ated therewith as shown in FIG. 6. The plane 110 bi 
sects the charge 62 and the hole associated therewith, 
and the plane 112 bisects the charge 64 which is spaced 
longitudinally farther below the charge 60 than the 
charge 62, but angularly closer thereto as indicated by 
the angular designations shown in FIG. 6. That is, the 
angle between the planes 108, 110 is equal to the succes 
sive charge displacement angle computed by the entire 
formula (m/p)(360'), whereas the angular displacement 
between the planes 108, 112 is merely the basic phase 
angle, 360"/p. In the preferred embodiment shown in 
FIGS. 5 and 6, p=7 and m=3 so that the basic phase 
angle is approximately 51.43 and the successive charge 
displacement angle is approximately 154.29 (i.e., three 
times the basic phase angle). 
When fully assembled, the outer tube 84 supports the 

output, or discharge, ends of the charges. The initiation 
ends of the charges are supported by the inner tube 86 
which is disposed axially through the outer tube 84 as 
shown in FIG. 5. 
The inner charge holder tube 86 has a hollow cylin 

drical shape having a smaller outer diameter than the 
inner diameter of the outer tube 84. The outer diameter 
of the tube 86 is defined across an outer surface 114. The 
hollow interior of the tube 86 is defined by an inner 
surface 116. Defined between these surfaces and in 
communication with the hollow interior of the tube 86 
are a plurality of similarly shaped cavities which are 
located around the tube 84 in locations defined in accor 
dance with the displacement angle (m/p)(360'). Thus, 
when the tube 86 is properly aligned and retained rela 
tive to the outer tube 84, each cavity is aligned with a 
respective one of the holes of the outer tube 84. One of 
these cavities, identified by the reference numeral 118, is 
shown in FIG. 5 in association with the charge 60. 
The cavity 118 has a conical surface 120 radially 

inwardly offset from the outer surface 114 of the tube 86 
by an annular surface 122. The surface 120 adjoins the 
inner surface 116 of the tube 86 so that an aperture 
communicating with the hollow interior of the tube 86 
is defined. It is through this aperture that the apex end 
of the charge 60 is received for connection with a deto 
nator cord 124, such as a Primacord, which is supported 
within the hollow interior of the tube 86 by its own 
support tube 126. By making the annular surface 122 
wider, and thereby forming the conical surface 120 
closer to the inner surface 116 of the tube 86, the charge 
60 can be more radially inwardly received, thereby 
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increasing the standoff between the charge 60 and the 
inner surface of the gun body 44 defining the first target 
to be encountered by the explosive jet formed when the 
explosive material within the charge 60 is ignited and 
fired radially outwardly to ultimately perforate the 
geological formation traversed by the well bore in 
which the perforating gun 42 is to be used. Thus, by 
appropriately forming the cavities in the inner tube 86, 
the initiation end of a respective explosive charge can 
be made to extend across the center line of the gun 42 
along which the detonator cord 124 extends for cooper 
ative coupling with each of the explosive charges. This 
places the apex of the respective charge on a side of the 
center line opposite from which the discharge end of 
the respective explosive charge extends. In the pre 
ferred embodiment, however, this displacement is not 
sufficient that the initiation end of the explosive charge 
extends on this opposite side beyond the outer perime 
ter defined by the outer surface 114 of the inner charge 
holder tube 86. 
The inner tube 86 is held in axial alignment within the 

outer tube 84 by an end alignment ring or disk 128 
having a central cavity 130 receiving the top end of the 
tube 86. The ring or disk 128 also has a circumferential 
groove 132 receiving the top end of the outer tube 84. A 
radial bore 134 extends through the alignment ring 128 
between the groove 132 and the cavity 130. The bore 
134 is aligned with a hole 136 defined in the outer tube 
84 and a hole 138 defined in the inner tube 86. A set 
screw 140 extends through the aligned hole 136, bore 
134 and hole 138 to maintain the charge receiving holes 
of the outer tube 84 and the cavities of the inner tube 86 
in proper radial alignment once the charges have been 
disposed therebetween. The alignment ring 128 also has 
a V-shaped circular groove 140 defined therein on the 
side opposite the side in which the cavity 130 and the 
groove 132 are formed. Extending from the groove 140 
is at least one oblique bore 142 which receives a set 
screw 144 extending from the alignment ring 128 into a 
slot 146 defined in the gun body 44 for fixing the angu 
lar relationship between the carrier means 74 and the 
gun body 44. Held adjacent the alignment ring 128 by a 
coupling adapter 148, with which sealing members in 
cluding O-rings 150, 152 are associated, is a charge 
cushion 154. 
Each of the explosive charges of the gun 42 is held in 

a respective cavity of the inner tube 86 and hole of the 
outer tube 84 by a respective one of the retaining means 
88. As identified in FIG. 5, each retaining means 88 
includes a substantially U-shaped or horseshoe-shaped 
resilient clip 156 having a closed lower portion 158 
disposed for overlying an outer edge of the discharge 
end of the respective explosive charge and for overly 
ing the outer surface 89 of the tube 84 when the explo 
sive charge is disposed adjacent a respective one of the 
holes. The clip 156 further has an open upper portion 
which extends from the closed lower portion 158 and 
from which engagement fingers i60, 162 transversely 
extend into engagement with the inner surface 90 of the 
tube 84. This upper portion includes opposite linear 
portions 164, 166 (see FIGS. 7 and 8). The fingers 160, 
162 are integral lateral protuberances extending later 
ally from the longitudinal extensions of the linear por 
tions 164, 166 so that when the protuberances engage 
the inner surface 90 of the wall 87, the curved portion 
158 of the clip 156 engages a lip of the respective explo 
sive charge. Such a lip is defined by the portion of the 
outer edge of the explosive charge extending beyond 
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the outer surface 89 of the tube 84. One of these lips is 
identified in FIG. 6 by the reference numeral 168. 
The lower closed portion 158 of the preferred em 

bodiment clip 156 defines a support shoulder portion 
lying in an imaginary plane intersecting an imaginary 
plane containing the opposite linear portions 164, 166 so 
that an oblique angle is defined between these two 
planes. This shoulder portion is integrally formed with 
L-shaped arms defining the opposite linear portions 164, 
166. The longer segments of the arm portions 164, 166 
extend from opposite ends of the curved shoulder por 
tion 158. At their opposite ends, the arm portions are 
bent to form the shorter segments of the L-shapes. 
When the two arm portions 164, 166 are so biased and 
the finger portions 160, 162 inserted in position as de 
scribed and shown, the shoulder portion 158 is posi 
tioned over the lip portion of the outer edge of the 
respective charge. 
With the foregoing construction utilizing the outer 

tube 84, the inner tube 86 and the plurality of retaining 
clips 156, it is apparent that the inner and outer tubes 
support the charges in a beam loading fashion prevent 
ing vertical stackdown whereas the retention springs or 
clips 156 prevent horizontal or transverse motion of the 
charges to maintain contact between the charges and 
the detonator cord 124. 
Once the perforating apparatus 42 depicted in FIGS. 

5 and 6 has been assembled, it can be used for perforat 
ing a subterranean surface within a well bore once the 
plurality of explosive charges are run into the bore on 
the apparatus 42. The method of this usage comprises 
detonating a first one of the explosive charges and deto 
nating a second one of the explosive charges which is 
displaced from the first explosive charge by the angle 
(m/p)(360'). That is, the preferred embodiment spirally 
arrayed charges disposed in accordance with the de 
sired (m/p)(360') angle are successively detonated 
through the detonator cord 124 in a sequence wherein 
the next charge to be detonated is the one most closely 
longitudinally spaced from the last-fired charge, but 
laterally separated therefrom by the charge displace 
ment angle computed using both the phase parameter p 
and the multiplier parameter m. The method further 
comprises detonating a plurality of other explosive 
charges in a similar successive manner. 
The foregoing provides an apparatus which has a 

relatively good collapse strength and generates a rela 
tively low shock load. This apparatus also provides a 
good shot array suitable for both better covering very 
thin strata as well as covering wider strata. Because 
each charge can be positioned across the center line of 
the gun, better standoff distances can be created. By 
using an odd number for the phase determinant factor, 
p, a majority of the load can be directed in one genera 
tion direction. 

Thus, the present invention is well adapted to carry 
out the objects and attain the ends and advantages men 
tioned above as well as those inherent therein. While a 
preferred embodiment of the invention has been de 
scribed for the purpose of this disclosure, numerous 
changes in the construction and arrangement of parts 
and the performance of steps can be made by those 
skilled in the art, which changes are encompassed 
within the spirit of this invention as defined by the ap 
pended claims. 
What is claimed is: 
1. A perforating apparatus, comprising: 
a perforating gun body; and 
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carrier means, disposed in said perforating gun body, 
for carrying at least p explosive charges so that, 
when explosive charges are carried thereby, each 
successive explosive charge is laterally spaced 
from a preceding one by an angle (m/p)(360'), 
where p is a whole number greater than 4 and m is 
a whole number greater than 1 but less than (p-1), 
and where m/p is an irreducible fraction, said car 
rier means including: 
an outer charge holder tube having a plurality of 

holes defined therein in accordance with said 
angle so that each of said holes is disposed for 
having a discharge end of an explosive charge 
facing radially outwardly therethrough; and 

an inner charge holder tube disposed axially 
through said outer charge holder tube, said inner 
charge holder tube having a plurality of cavities 
defined therein, each of said cavities aligned with 
a respective one of said holes of said outer 
charge holder tube so that each of said cavities is 
disposed for receiving an initiation end of an 
explosive charge near a center line of said perfo 
rating gun body. 

2. An apparatus as defined in claim 1, wherein p is a 
prime number greater than 3. 

3. An apparatus as defined in claim 1, wherein p is an 
odd whole number greater than 4. 

4. An apparatus as defined in claim 1, wherein each of 
said cavities of said inner charge holder tube is defined 
to receive the respective explosive charge so that the 
initiation end of the respective explosive charge extends 
across said center line to a side thereof opposite from 
which the discharge end of the respective explosive 
charge extends, but without extending on said side be 
yond the perimeter of said inner charge holder tube. 

5. An apparatus as defined in claim 4, further com 
prising a detonator cord extending through said inner 
charge holder tube for being cooperatively coupled 
therein to each of the explosive charges. 

6. An apparatus as defined in claim 1, wherein said 
carrier means further includes: 

retaining means for retaining a respective explosive 
charge within a respective one of said holes, said 
retaining means including a substantially U-shaped 
resilient clip having a closed lower portion dis 
posed for overlying an outer edge of the discharge 
end of an explosive charge and for overlying an 
outer surface of said outer charge holder tube 
when the explosive charge is disposed adjacent a 
respective one of said holes, and said clip further 
having an open upper portion which extends from 
said closed lower portion and from which engage 
ment fingers transversely extend into engagement 
with an inner surface of said outer charge holder 
tube. 

7. An apparatus as defined in claim 6, wherein said 
closed lower portion of said clip lies in a plane offset 
from a plane in which said open upper portion lies. 

8. An apparatus as defined in claim 1, wherein each of 
said holes of said outer charge holder tube is disposed so 
that it is bisected by a respective imaginary transverse 
plane extending parallel to, and spaced longitudinally 
from, similar respective imaginary transverse planes 
bisecting the other holes, and each of said holes further 
disposed so that it is bisected by a respective imaginary 
longitudinal plane, wherein the imaginary longitudinal 
plane of a first one of said holes intersects the imaginary 
longitudinal plane of a second one of said holes at said 
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angle, which second one of said holes is the one bisected 
by the respective one of the imaginary transverse planes 
longitudinally closest to the imaginary transverse plane 
bisecting said first one of said holes. 

9. A perforating apparatus, comprising: 
a perforating gun body; and 
carrier means, disposed in said perforating gun body, 

for carrying a plurality of explosive charges, said 
carrier means including: 
an outer charge holder tube having a plurality of 

holes defined therein so that each of said holes is 
disposed for having a discharge end of an explo 
sive charge facing radially outwardly there 
through; and 

an inner charge holder tube disposed axially 
through said outer charge holder tube, said inner 
charge holder tube including a plurality of cavi 
ties defined therein, each of said cavities aligned 
with a respective one of said holes of said outer 
charge holder tube so that each of said cavities is 
disposed for receiving an initiation end of an 
explosive charge near a center line of said perfo 
rating gun body. 

10. An apparatus as defined in claim 9, wherein each 
of said cavities of said inner charge holder tube is de 
fined to receive the respective explosive charge so that 
the initiation end of the respective explosive charge 
extends across said center line to a side thereof opposite 
from which the discharge end of the respective explo 
sive charge extends, but without extending on said side 
beyond the perimeter of said inner charge holder tube. 

11. An apparatus as defined in claim 9, wherein: 
said inner charge holder tube includes an outer sur 

face and an inner surface, said inner surface defin 
ing a hollow interior within said inner charge 
holder tube; and 

each of said cavities is defined by: 
a respective conical surface adjoining said inner 

surface so that an aperture communicating with 
said hollow interior is defined; and 

a respective annular surface extending between 
said respective conical surface and said outer 
surface. 

12. An apparatus as defined in claim 9, wherein: 
said outer charge holder tube includes an outer align 
ment hole defined therethrough; 

said inner charge holder tube includes an inner align 
ment hole defined therein; and 

said apparatus further comprises: 
an end alignment member having defined therein: 

a central cavity receiving the top end of said 
inner charge holder tube; 

a circumferential groove receiving the top end of 
said outer charge holder tube; and 

a radial bore extending between said central 
cavity and said circumferential groove, said 
radial bore aligned with said alignment holes 
in said outer and inner charge holder tubes; 
and 

a set screw extending through said radial bore and 
said alignment holes so that said plurality of 
holes of said outer charge holder tube are main 
tained in radial alignment with said plurality of 
cavities of said inner charge holder tube. 

13. An apparatus as defined in claim 12, wherein: 
said perforating gun body has a slot defined therein; 
said alignment member further includes an oblique 
bore defined therein; and 
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said apparatus further comprises another set screw, 
said another set screw extending through said 
oblique bore into said slot for fixing the angular 
relationship between said carrier means and said 
gun body. 

14. An apparatus as defined in claim 9, further com 
prising a plurality of explosive charges, each of said 
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charges supported by both a respective one of said 
plurality of holes of said outer charge holder tube and a 
respective one of said plurality of cavities of said inner 
charge holder tube so that vertical stackdown of said 
charges is prevented. 

k k sk xk s 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 4, 726, 43l 
DATED ; February 23, 1988 
INVENTO R(S) : Michael L. Oestreich et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
Corrected as shown below: 

In column 5, line 46, delete the letter C. 

In column 7, line l7, delete the phrase p-6) and insert therefore --p-6-. 

Signed and Sealed this 
Sixteenth Day of August, 1988 

Attest: 

DONALD J. QUIGG 

Attesting Officer Commissioner of Patents and Trademarks 

  


